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mosaic atomic layer composed of two kinds of precur- 
sors containing components constituting the thin film. 
The inside of the reaction chamber is purged. The MAL 
is chemically changed. 
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Description 

[0001 ] The present invention relates to a thin film and 
a method of forming the same, and more particularly, to 
a thin film including multi components composed of unit 
material layers which are mosaic atomic layers (MALs) 
composed of components constituting the thin film, and 
a method of forming the same. 
[0002] Atomic layer deposition (ALD) is a thin film 
deposition method which is very different from physical 
deposition such as electron beam deposition, thermal 
deposition , or sputter deposition that are generally used. 
ALD is similar to chemical vapor deposition (CVD) in 
view of using chemical reaction of reaction gases. How- 
ever, in general CVD, reaction gases are supplied at the 
same time and react chemically on the surface of a thin 
film or in the air. In ALD, different kinds of reaction gases 
are supplied separately by a time-sharing method, and 
react with the surface of a thin film. In ALD, if a different 
kind of reaction gas is supplied when an organic metal 
compound containing a metallic element (hereinafter re- 
ferred to as "precursors") is adsorbed on the surface of 
a substrate, the reaction gas reacts with precursors on 
the surface of the substrate. As a result, a thin film is 
formed. Thus, precursors for ALD are not decomposed 
by themselves at a reaction temperature, and precur- 
sors adsorbed on the surface of the substrate must be 
very rapidly reacted with supplied reaction gas on the 
surface of the substrate. 

[0003] ALD can obtain the best uniformity of thickness 
and step coverage of the thin film from the surface re- 
action. 

[0004] The same kinds of precursors are adsorbed on 
all sites of a wafer surface on which chemisorption is 
possible. Even if excessive precursors are supplied, the 
physisorption of the remaining precursors is performed 
on the chemisorbed precursors. Here, physisorption 
has less cohesion force than chemisorption. The phy- 
sisorbed precursors are removed using a purge gas. Dif- 
ferent kinds of precursors are supplied and chemi- 
sorbed on the chemisorbed precursors. This process is 
repeated to grow a thin film on the wafer surface at a 
predetermined speed. 

[0005] For example, in ALD using precursors A and a 
reaction gas B, a cycle of supplying precursors A, e.g., 
N 2 (or Ar), purging, and supplying a reaction gas B, i.e., 
N 2 (or Ar) is repeated to grow a thin film. The growth 
speed of the thin film represents the thickness of the thin 
film deposited in one cycle. As a result, the probability 
that molecules of precursors are adsorbed on any ex- 
posed surface is similar, regardless of the roughness of 
the exposed surface. Thus, if the supply of precursors 
is sufficient, a thin film having a uniform thickness is de- 
posited at a constant speed regardless of the aspect ra- 
tio of the surface structure of the substrate. Also, the 
thickness and composition of the thin film can be pre- 
cisely controlled by depositing one layer at a time. 
[0006] However, ALD also has the following prob- 
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lems. First, if a thin film containing three components or 
more is formed, the deposition rate in ALD is lower than 
the deposition rate in existing CVD. 
[0007] For example, if an SrTi0 3 layer is formed by 
5 ALD, one cycle is composed of eight steps shown in 
FIG. 1. Precursors containing Sr are supplied in step 10. 
A purge gas is supplied to purge a reaction chamber for 
the first time, in step 20. A reaction gas containing oxy- 
gen is supplied to oxidize the Sr atomic layer formed in 
10 step 1 0, in step 30. A purge gas is supplied to purge the 
reaction chamber for the second time, in step 40. Pre- 
cursors containing Ti are supplied in step 50. A purge 
gas is supplied to purge the reaction chamber for the 
third time, in step 60. A reaction gas containing oxygen 
'5 is supplied to oxidize the Ti atomic layer which is formed 
in step 50, in step 70. A purge gas is supplied to purge 
the reaction chamber for the fourth time, in step 80. 
Thus, the deposition rate in ALD is much lower than the 
deposition rate in the existing CVD, in which compo- 
se nents contained in precursors constituting a thin film are 
all supplied at the same time. 

[0008] Second, it is difficult to obtain satisfactory crys- 
tal phases of unit material layers constituting a thin film, 
and thus a subsequent thermal treatment is required. In 

25 detail, in FIG. 2, the horizontal axis represents Kelvin 
temperature K and the vertical axis represents activity. 
Reference numerals G1 through G11 represent activi- 
ties of T10 2 , BaTi0 2 , SrTi0 3 , Sr 4 7l 3 0 14 , Ti0 2 S t SrC0 3 , 
BaC0 3 , H 2> C0 2 , H 2 0, and Sr 2 Ti0 4 , respectively. 

30 [0009] Referring to FIG. 2, each phase of SrO and 
7i0 2 exists stably up to more than 600K if SrO and Ti0 2 
are alternately stacked by existing ALD to deposit an 
SrTi0 3 layer. As a result, a desired SrTi0 3 layer can be 
formed. In other words, the SrT10 3 layer is only a com- 

35 bined state of SrO and Ti0 2 . Thus, an additional thermal 
treatment is required to change SrO and 710 2 to a de- 
sired crystalline SrT10 3 . This result is commonly applied 
to above a ternary thin film. Therefore, the thermal treat- 
ment is required to grow an oxide layer of a separate 

*o metallic element as a compound layer when the oxide 
layer is stabilized. 

[0010] As described above, if a thin film containing 
three components or more is formed by ALD, an addi- 
tional thermal treatment is required to form a thin film 
having a desired crystal structure. Thus, the yield of the 
thin film process is considerably reduced. 
[0011] To solve the above-described problems, it is a 
first object of the present invention to provide a method 
of forming a thin film including mufti components which 
so does not require a subsequent thermal treatment for 
crystallization, and which has increased yield by forming 
the thin film at a rapid deposition rate compared to ALD 
and a crystal phase. 

[0012] It is a second object of the present invention to 
55 provide a thin film formed by the above-described meth- 
od. 

[0013] Accordingly, to achieve the first object, there is 
provided a method of forming a thin film including multi 
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components. In the method, a substrate is loaded into 
a reaction chamber. A unit material layer, which is a mo- 
saic atomic layer (MAL) composed of two kinds of pre- 
cursors containing components constituting a thin film, 
is formed on the substrate. The inside of the reaction 
chamber is purged. The MAL is chemically changed. 
Here, the MAL is formed by supplying the two kinds of 
precursors at the same time orby a time-sharing method 
after at least one kind of precursors are less adsorbed 
on the surface of the substrate than when being satu- 
rated. 

[001 4] In this case, first precursors selected from the 
two kinds of precursors are supplied into the reaction 
chamber. Next, the reaction chamber is firstly purged 
and then second precursors selected from the two kinds 
of precursors are supplied into the reaction chamber. 
[001 5] The reaction chamber is secondly purged, and 
third precursors selected from the two kinds of precur- 
sors are supplied into the reaction chamber. 
[001 6] The first MAL is formed of first and second pre- 
cursors selected from the two kinds of precursors. The 
second MAL is formed of first and third precursors se- 
lected from the two kinds of precursors. 
[001 7] The second MAL is formed of first and second 
precursors, of different compositions. 
[0018] The first MAL is formed by supplying the first 
and second precursors at the same time or by a time- 
sharing method 

[0019] To achieve the first object, there is provided a 
method of forming a thin film including multi compo- 
nents. The thin film is formed through a first step of load- 
ing a substrate into a reaction chamber and sequentially 
forming a mosaic atomic layer (MAL) composed of two 
kinds of precursors containing components constituting 
the thin film and a non-mosaic atomic layer on the MAL 
to form a unit material layer constituting the thin film on 
the substrate, a second step of purging the inside of the 
reaction chamber, and a third step of chemically chang- 
ing the MAL. Here, the first, second, and third steps con- 
stitute one cycle. 

[0020] In the third step, the resultant material formed 
in the first step is oxidized by a supplied oxygen source. 
The following step is performed to remove by-products 
generated after the oxidation. In other words, an inert 
gas is made into plasma by supplying the inert gas into 
the chamber and applying a DC bias to the substrate. 
As a result, inert gaseous plasma is generated in the 
chamber, which is used to remove the by-products from 
the surface of the MAL. 

[0021 ] To achieve the second object, there is provided 
a thin film including multi components, containing at 
least two components. Here, the thin film is composed 
of a plurality of unit material layers and each of the unit 
material layers is a MAL composed of different precur- 
sors related to the components. The MALs are double 
MALs which are composed of first and second MALs. 
[0022] To achieve the second object, there is provided 
a thin film including multi components, containing at 



least two components. Here, the thin film is composed 
of a plurality of unit material layers and each of the unit 
material layers is composed of an MAL. composed of 
two precursors selected from different precursors relat- 
5 ed to the components, and a non-mosaic atomic layer 
composed of any ones selected from the different pre- 
cursors. The non-mosaic atomic layer is formed on the 
MAL or the MAL is formed on the non-mosaic atomic 
layer. 

w [0023] The MAL is a double layer. The double layer 
may be a MAL composed of a first MAL composed of all 
of the different precursors and a second MAL composed 
of two precursors selected from the different precursors, 
a MAL composed of a first MAL composed of all of the 
'5 different precursors, or a MAL composed of the same 
precursors, which have a different composition ratio for 
each of layers in the double layer. 
[0024] The double layer is composed of a first MAL, 
composed of first and second precursors selected from 
the different precursors, and a second MAL formed on 
the first MAL, composed of first and third precursors se- 
lected from the different precursors. 
[0025] In the method of forming a thin film including 
multi components according to the present invention, 
the advantages of a conventional method of forming ALs 
can be secured, and fewer steps are required in the 
process of forming ALs according to the present inven- 
tion compared to the conventional process of forming 
ALs. As a result, the time required for forming a thin film 
can be reduced. Also, since the thin film is formed and 
crystallized at a low temperature, an additional thermal 
process for the crystallization of the thin film is unnec- 
essary after the thin film is formed. As a result, the yield 
of the thin film is remarkably higher than in the prior art. 
[0026] The above objects and advantages of the 
present invention will become more apparent by de- 
scribing in detail preferred embodiments thereof with 
reference to the attached drawings in which: 

FIG. 1 is a flowchart of steps constituting one cycle 
of a method of forming a thin film including multi 
components using ALD, according to the prior art; 

FIG. 2 is a graph showing results of simulation of 
thermodynamic equilibrium of an SrTi0 3 layer, 
which is one thin film including multi components; 

FIG. 3 is a flowchart of steps constituting one cycle 
of a method of forming a thin film including multi 
components according to a first embodiment of the 
present invention; 

FIG. 4A is a plan view of a mosaic atomic layer 
(MAL) which is formed by adsorbing different kinds 
55 of components constituting a thin film on the surface 
of a substrate after a first purge in one cycle of a 
method of forming the thin film according to the first 
embodiment of the present invention; 
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FIG. 4B is a cross-sectional view taken along line 
b-b' of FIG. 4A; 

FIG. 5 is a flowchart of steps constituting one cycle 
of a method of forming a thin film including multi 
components according to a second embodiment of 
the present invention; 

FIGS. 6 through 8 are plan views of an atomic layer 
formed of first precursors containing first compo- 
nents of a thin film, which are chemisorbed on a 
substrate after a first purge in one cycle of a method 
of forming a thin film according to the second em- 
bodiment of the present invention; 

FIGS. 9 through 11 are plan views of a MAL formed 
of second precursors containing second compo- 
nents of a thin film, which are adsorbed on portions 
of a substrate between the first precursors contain- 
ing the first components after a second purge in one 
cycle of a method of forming a thin film according 
to the second embodiment of the present invention; 

FIG. 1 2 is a graph explaining a region which is sup- 
plied with a source gas for forming a thin film ac- 
cording to the first and second embodiments of the 
present invention; 

FIG. 1 3 is a view of one cycle of a method of forming 
a thin film including multi components according to 
a fifth embodiment of the present invention; 

FIGS. 14 and 15 are graphs comparing X-ray dif- 
fraction analysis of a thin film formed by a method 
of forming a thin film including multi components ac- 
cording to the present invention with X-ray diffrac- 
tion analysis of a thin film formed by a conventional, 
atomic layer deposition method; 

FIGS. 16 and 17 are graphs showing carbon con- 
tent, which is measured to observe the degree of 
oxidization of a thin film including multi components 
according to the first and second embodiment of the 
present invention; and 

FIG. 18 through 20 are cross-sectional views of a 
thin film formed according to first through third em- 
bodiments of the present invention. 

[0027] Hereinafter, a thin film including multi compo- 
nents and a method of forming the thin film according to 
embodiments of the present invention will be described 
in detail with reference to the attached drawings. Here, 
a substrate is regarded as being loaded into a reaction 
chamber Also, the reaction chamber is not specially lim- 
ited. In other words, any reaction chamber in which an 
atomic layer may be deposited is possible. 
[0028] A method of forming a thin film will be first de- 
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scribed. Unit material layers of a thin film of the present 
invention are mosaic atomic layers (MALs), described 
in first and second embodiments. 

s <First Embodiment 

[0029] Referring to FIG. 3, MALs, which are unit ma- 
terial layers of a thin film, are formed on a substrate in 
step 1 00. The MALs are formed of precursors containing 
'0 components constituting the thin film. Thus, if the thin 
film is formed of three components, the MALs are 
formed of three precursors each containing the three 
components. If the thin film is formed of four or more 
components, the MALs are formed of four or more pre- 
'5 cursors each containing the four or more components. 
[0030] To form the MALs, all components constituting 
the thin film are supplied into a reaction chamber, in a 
predetermined amount in consideration of the composi- 
tion ratio of the components, and chemisorbed on the 
substrate. The MALs are single atomic layers composed 
of a plurality of components constituting the thin film. 
[0031] As a detailed example of forming the MALs, if 
the thin film is a three component system oxide layer, e. 
g., a STO layer, the MALs are formed of a precursor con- 
taining Sr and a precursor containing Ti. In other words, 
a predetermined amount of the precursor containing Sr 
and a predetermined amount of the precursor contain- 
ing Ti are supplied into the reaction chamber at a time. 
Here, it is preferable that the two precursors are sup- 
plied in a smaller amount than when the two precursors 
each form an atomic layer. This will be described later. 
[0032] If the thin film is a BST layer containing three 
metal elements, the MALs are formed by supplying a 
predetermined amount of a precursor containing Ba, a 
predetermined amount of a precursor containing Sr, and 
a predetermined amount of a precursor containing Ti in- 
to the reaction chamber at a time. Here, it is preferable 
that the substrate is maintained at a predetermined re- 
action temperature so that the three precursors are 
chemisorbed on the substrate. 
[0033] The thin film may be an oxide layer, a nitride 
layer, or a boride layer, as well as the STO layer and the 
BST layer. For example, the thin film may be a PZT layer, 
a YBCO layer, a SBTO layer, a HfSiON layer, a ZrSiO 
layer, a ZrHfO layer, a LaCoO layer, or a TiSiN layer. 
[0034] If the thin film is an oxide layer, a nitride layer, 
or a boride layer, the MALs are not oxidized, nitrified, or 
boronized. Thus, the MALs are oxidized, nitrified, or bo- 
ronized in a subsequent process. This will be described 
later. 

[0035] Precursors remaining after the MALs are 
formed on the substrate may be physisorbed on the 
MALs. The precursors physisorbed on the MALs may 
serve as particles in a subsequent process and prevent 
the MALs from being oxidized, nitrified, or boronized in 
a subsequent oxidation, nitrification, or boronization 
process. Thus, it is preferable that the precursors phy- 
sisorbed on the MALs are removed. To remove the pre- 



EP 1 256 638 A2 



25 



30 



35 



40 



45 



50 



EP 1 256 638 A2 



cursors physisorbed on the M ALs ; the reaction chamber 
is purged using an inert gas, e.g., a nitride gas or an 
argon gas. after the MALs are formed in step 1 1 0. As a 
result, the MALs, which are unit material layers consti- 
tuting the thin film, remain as single atomic layers on the 
substrate. This is shown in FIG. 4. 
[0036] FIG. 4A is a plan view of the MALs and FIG. 
4B is a cross-sectional view taken along line b-b' of FIG. 
4A. Reference numerals 130, 132, and 134 represent 
precursors containing first components constituting a 
thin film, precursors containing second components 
constituting the thin film, and a substrate, respectively. 
In FIGS. 4A and 4B, it is seen that the MALs may be 
formed of different precursors 130 and 132 each con- 
taining different components constituting the thin film. 
[0037] The MALs are chemically changed by supply- 
ing a predetermined reaction gas into the reaction 
chamber in step 120. For example, the MALs are oxi- 
dized, nitrified, or boronized. Here, the substrate is heat- 
ed to a predetermined temperature to react the reaction 
gas with the MALs. 

[0038] The reaction gas may be supplied with external 
energy to lower the temperature for heating the sub- 
strate and increase the reaction activity of the reaction 
gas. The method of oxidizing, nitrifying, or boronizing 
the MALs depends on the method of supplying the ex- 
ternal energy. For example, when the MALs are oxi- 
dized, radio frequency (RF) energy, a DC voltage, or mi- 
crowave energy is applied to a reaction gas such as 0 2> 
0 3 , H 2 0. and H 2 0 2 containing oxygen during the supply 
of the reaction gas into the reaction chamber. Thus, the 
reaction gas is plasmatized. As a result, the MALs are 
oxidized using plasma. 

[0039] If the external energy is ultraviolet, the MALs 
are oxidized by a reaction of decomposing 0 3 under ul- 
traviolet. In other words, the MALs are oxidized in an 
ultraviolet-ozone process. 

[0040] After the chemical change of the MALs is com- 
pleted, first through third steps from forming to chemi- 
cally changing the MALs are repeated until the MALs 
are formed to a desired thickness. 

<Second Embodiment 

[0041] Unit material layers of a thin film are formed as 
MALs on a substrate by supplying components consti- 
tuting the thin film by a time-sharing method. Here, the 
thin film is the same as the thin film described in the first 
embodiment. 

[0042] Referring to FIG. 5, first atomic layers (herein- 
after, referred to as "first discrete atomic layers) are 
formed of precursors which are spaced apart from each 
other, in step 200. In detail, conventional atomic layers 
are formed to completely cover the entire surface of the 
substrate (on the entire surface of the structure if a struc- 
ture is formed on the substrate). Thus, the conventional 
atomic layers are continuous atomic layers. However, 
precursors containing first components of components 
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constituting a thin film are discrete on the substrate to 
form the first discrete atomic layer. Here, the precursors 
are uniformly discrete on the entire surface of the sub- 
strate. Second components constituting the thin film. 

5 which will be supplied later, may be uniformly chemi- 
sorbed between the first components. Here, it is prefer- 
able that the substrate is maintained at a reaction tem- 
perature so that the supplied components are chemi- 
sorbed on the substrate. The components may be heat- 

10 ed to the reaction temperature or a temperature close 
to the reaction temperature, in the course of being sup- 
plied. 

[0043] FIG. 6A is a plan view of the first discrete atom- 
ic layerformed of precursors containing the first compo- 

'5 nents and FIG. 6B is a cross-sectional view taken along 
line b-b' of FIG. 6A. Here, reference numeral 202 rep- 
resents the first discrete atomic layer, reference numeral 
204 represents precursors (hereinafter, referred to as 
"first precursors") containing the first components con- 

20 stituting the first discrete atomic layer, and reference nu- 
meral 206 represents a substrate on which the first dis- 
crete atomic layer 202 is chemisorbed. A thin film, which 
is formed on the substrate 206, contains at least three 
components. At least two of the three components are 

25 chemisorbed on the substrate 206. 

[0044] For example, if the thin film is a thin film includ- 
ing multi components such as an SrTi0 3 layer or a 
BaTi0 3 layer containing three components, the first pre- 
cursors 204 contain strontium (Sr), barium (Ba), or Tita- 

30 nium (Ti). The first discrete atomic layer 202 is formed 
by chemisorbing the precursors containing strontium 
(Sr) or barium (Ba) on the substrate 206. 
[0045] Steps of forming the thin film containing the 
three components are also applied to a thin film contain- 

35 ing four components. Here, if an oxygen component is 
contained in the four components, the first precursors 
204 contain any of the other four components (i.e. not 
the oxygen component). The first discrete atomic layer 
202 is formed by being uniformly discrete and chemi- 

40 sorbed the precursors on the substrate. 

[0046] As shown in FIG. 6B, unlike the precursors 
constituting the conventional continuous atomic layers, 
the first precursors 204 constituting the first discrete 
atomic layer 202 are widely discrete on the substrate 

43 206. Reference numeral 208 represents second precur- 
sors, which will be formed between the first precursors 
204 in a subsequent process. 

[0047] The distribution of the first precursors 204 may 
vary, depending on the kinds of first precursors 204 and 

so second precursors 208. Forexample.asshownin FIGS. 
7 and 8, the first discrete atomic layer 202 may have a 
structure in which precursors are arranged in an oblique 
line, or in which precursors are arranged in a hexagonal 
shape with one precursor in the center. 

55 [0048] The characteristics of the shape of the first dis- 
crete atomic layer 202, i.e., the distance between the 
first precursors 204, is determined by the supplied 
amount of the first precursors 204. For example, if the 
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thin film is an SrTi0 3 layer, the first discrete atomic layer 
202 is formed of Sr precursors. Also, the distribution of 
the first discrete atomic layer 202 is determined by the 
amount of SV precursors supplied into the reaction 
chamber. Preferably the Sr precursors are supplied in 
a smaller amount than Sr precursors supplied to form 
an SrTi0 3 layer by a conventional method of forming an 
atomic layer. 

[0049] In detail, G12 of FIG. 12 is a graph showing 
changes in the amount of Sr precursors with respect to 
time when an SrTi0 3 layer is formed by the conventional 
method of an atomic layer. Reference numeral S repre- 
sents a saturated region. The saturated region S repre- 
sents a region in which a sufficient amount of the Sr pre- 
cursors is supplied so that the Sr precursors are ad- 
sorbed on the entire surface of the substrate. Reference 
numeral S 0 is an initial region, in which the supply of Sr 
precursors begins, and becomes the saturated region 
S as time passes. Thus, the amount of Sr precursors 
supplied in the initial region S 0 is smaller than the 
amount of Sr precursors supplied in the saturated region 
S. As a result, the substrate is not completely covered 
with only the amount of Sr precursors supplied in the 
initial region S 0 . There is no cause for the Sr precursors 
to be adsorbed onto a particular region only of the sub- 
strate during the supply of Sr precursors into the reac- 
tion chamber. In other words, the probability that the Sr 
precursors supplied into the reaction chamber are ad- 
sorbed on any particular region of the substrate in any 
one step is equivalent to the Sr precursors. As a result, 
the Sr precursors supplied in the initial region S 0 are dis- 
crete on the substrate. 

[0050] The first discrete atomic layer 202 containing 
the first components having various distribution shapes 
as described above may be formed by controlling the 
amount of precursors supplied on the substrate in the 
initial region Sq. Vacant regions 208, on which second 
precursors containing second components may be ad- 
sorbed, exist between the first precursors 204 on the 
substrate. 

[0051 ] As described above, the shape of the first dis- 
crete atomic layer 202 may be determined by limiting 
the amount of precursors supplied into the reaction 
chamber to that of the initial region S 0 . Even in this case, 
it is preferable that the amount of precursors required 
for forming the first discrete atomic layer 202 containing 
the first components varies according to the number of 
components constituting the thin film, the composition 
ratio of the components, and the order of forming the 
components, i.e. which component is first formed. 
[0052] For example, supposing that the first discrete 
atomic layer 202 containing the first components is 
formed during the formation of a thin film containing 
three components, and reference numeral A N of FIG. 
1 2 represents the amount of precursors. The amount of 
precursors supplied for forming an initial atomic layer on 
a substrate during the formation of a thin film containing 
four or more components may be smaller than or equal 



to the amount A N depending on which one of the four 
components the initial atomic layer contains, i.e., the 
composition of a component contained in the precursors 
constituting the initial atomic layer occupying the four 

5 components. 

[0053] Referring to FIG. 5, the reaction chamber is 
purged for the first time, instep 300. It is preferable that 
the first precursors 204 are all used in forming the first 
discrete atomic layer 202 containing the first compo- 

10 nents. However, a portion of the first precursors 204 may 
not be used in forming the first discrete atomic layer 202 . 
If the first precursors 204 remain in the reaction cham- 
ber, the first precursors 204 are mixed with other pre- 
cursors that may be supplied later. As a result, a thin 

15 film having an unwanted shape may be formed. Thus, 
it is preferable that any of the first precursors 204 which 
are not used in forming the first discrete atomic layer 
202 are discharged from the reaction chamber. In other 
words, the reaction chamber is purged using an inert 

20 gas which does not react chemically, to discharge pre- 
cursors not used in forming the first discrete atomic layer 
202. Here, the inert gas is Ar, N 2 , or 0 2 . 
[0054] A second discrete atomic layer composed of 
precursors containing second components is formed in 

25 step 400. Here, the precursors (hereinafter, referred to 
as "second precursors") constituting the second dis- 
crete atomic layer are chemisorbed on portions of the 
substrate between the first precursors. 
[0055] In detail, after the first purge in step 300, a pre- 

30 determined amount of the second precursors is supplied 
into the reaction chamber. Here, the second precursors 
contain the second components, which are selected 
from components constituting the thin film, and may be 
chemisorbed on the substrate. 

35 [0056] For example, if the thin film is a SrTi0 3 layer 
or a BaTi0 3 layer, the second precursors contain Ti. If 
the first precursors 204 contain TI, the second precur- 
sors contain Sr or Ba. This may be applied to a thin film 
containing four or more components, three or more 

to components of which are adsorbed on the substrate. 
[0057] It is preferable that the second precursors are 
supplied in consideration of the following. If the second 
precursors contain the last one of the components con- 
tained in the thin film which are chemisorbed on the sub- 

45 strate, it is preferable that the second precursors are suf- 
ficiently supplied so that the second precursors are all 
adsorbed on vacant regions of the first discrete atomic 
layer 202 containing the first components, i.e., on re- 
gions of the substrate on which the first precursors are 

50 not adsorbed. 

[0058] If the second precursors do not contain the last 
component, third and fourth precursors which are chem- 
isorbed are continuously supplied after the second pre- 
cursors are supplied. Thus, it is preferable that first pre- 
ss cursors are supplied in an amount sufficient for leaving 
predetermined vacant regions on the substrate between 
the first precursors on which subsequent precursors are 
chemisorbed. As a result, subsequent precursors may 
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be chemisorbed between the first and second precur- 
sors even though the first and second precursors are 
adsorbed on the substrate. Thus, in the latter case, it is 
preferable that the second precursors are supplied in 
the amountsupplied in the initial region S 0 (Referto FIG. 
12) as when the first precursors are supplied. However, 
the second precursors may be supplied in a larger or 
smaller amount than the first precursors, according to 
the composition ratio of the components contained in 
the second precursors accounting for the thin film. In a 
case where the component ratio of the components con- 
tained in the first precursors is identical to the compo- 
nent ratio of the components contained in the second 
precursors, and only the first and second precursors are 
restricted as being chemisorbed, it is preferable that the 
amount of the first precursors and the amount of the sec- 
ond precursors are equal in the initial region S 0 . A mo- 
saic atomic layer (MAL) 210, which is composed of the 
first precursors 204 constituting the first discrete atomic 
layer 202 and the second precursors 208 constituting 
the second discrete atomic layer (and may be the same 
as the first discrete atomic layer 202 shown in FIG. 4), 
is formed on the substrate 206 as a unit material layer 
constituting the thin film, through the steps 200, 300, and 
400 as shown in FIG. 6. If the MAL 21 0 is formed of only 
the first and second precursors 204 and 208, it is pref- 
erable that the first and second precursors 204 and 208 
contact each other. However, in FIG. 9, the first and sec- 
ond precursors 204 and 208 are shown spaced apart 
from each other for convenience. This is applied to var- 
ious examples of the MAL 210 due to various arrange- 
ment shapes of the first precursors 204 shown in FIGS. 
10 and 11. 

[0059] The reaction chamber is purged for the second 
time, in step 400. In other words, for the same reason 
as in step 300, the reaction chamber is purged using an 
inert gas after the MAL 210 is formed. 
[0060] The MAL 210 is chemically changed in step 
600. In other words, the MAL 210 is oxidized, nitrified, 
or boronized using several reaction gases. When bulky 
ligands are decomposed and removed due to this chem- 
ical reaction, new chemisorbed points which were cov- 
ered by the ligands may be exposed. 
[0061] To oxidize the MAL 210, reaction gas such as 
0 2 , 0 3 , H 2 0, and H 2 0 2 is supplied into the reaction 
chamber in a predetermined amount and reacts with the 
MAL 210. Here, when the reaction gas is supplied into 
the reaction chamber, radio frequency (RF) or micro- 
wave energy, or a DC voltage, may be applied to the 
reaction gas, to increase the activity of the reaction gas- 
es. Thus, the reaction gas may form plasma in the re- 
action chamber, if the reaction gas is ozone, ultraviolet 
(UV) is applied to the reaction gas to increase the activity 
of the reaction gas. In other words, the MAL 210 is oxi- 
dized using UV-0 3 . 

[0062] The reaction chamber is purged for the third 
time ; in step 700. The gases remaining in the reaction 
chamber after step 500 are purged using the inert gas. 



[0063] Steps 200, 300, 400, 500, 600. and 700 are 
repeated until the thin film is formed to a desired thick- 
ness. 

[0064] If third and fourth precursors are further chem- 

s isorbed on the substrate after the second purge in step 
500, i.e., if the thin film is not a nonoxide layer containing 
at least three components or an oxide layer containing 
four or more components, a step of forming an atomic 
layer composed of third precursors containing third 

10 components, a third purge step, a step of forming an 
atomic layer composed of four precursors containing 
four components, and a fourth purge step, are sequen- 
tially performed before step 700. 
[0065] When the formation of the MAL is repeated to 

15 form the thin film, the compositions of the formed MALs 
may be different from each other. In other words, when 
components constituting a subsequent MAL are the 
same as components constituting former MAL, the com- 
position of any one of precursors constituting the two 

20 MALs, i.e.. the composition of any one of components 
constituting the thin film, may be different from the com- 
positions of the other components. 
[0066] For example, if the thin film is a STO layer hav- 
ing a predetermined thickness, the STO layer may r> be 

25 formed to a desired thickness by repeatedly forming a 
unit material layer composed of Sr precursors and Ti 
precursors, i.e., an Sr-Ti MAL. However, if three Sr-Ti 
MALs are sequentially formed to form the STO layer, the 
composition of precursors constituting a second or third 

30 Sr-Ti MAL may be different from the composition of pre- 
cursors constituting a first Sr-Ti MAL. This composition 
may be controlled by controlling the amount of precur- 
sors supplied into the reaction chamber 
[0067] The second discrete atomic layer 210 may be 

35 formed by supplying the second precursors two times 
in step 400. In other words, the second discrete atomic 
layer is not completely formed by suppling the second 
precursors only one time. Thus, the second precursors 
are supplied for the first time in a predetermined amount 

40 to form the second discrete atomic layer. Next, purging 
is performed, and then the second precursors are sup- 
plied for the second time in a predetermined amount, to 
complete the second discrete atomic layer. If the second 
discrete atomic layer is not completely formed after the 

45 second precursors are supplied for the second time, the 
second precursors may be supplied for the third time. 
Also, the amount of the second precursors may be dif- 
ferent in the first and second supplies. 
[0068] This method may be applied to the thin films 

so containing three or more components described in the 
first embodiment as well as the STO layer. 

<Third Embodiment 

55 [0069] A unit material layer is formed of a double MAL. 
In detail, if a thin film to be formed contains at least three 
components, the three components are divided into two 
and the two are each formed as MALs. 
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[0070] For example, if the thin film contains three 
components, i.e., A 1X _ Y B X C Y , a first MAL (A VX B X ) com- 
posed of precursors containing a component A (herein- 
after, referred to as "precursors A") and precursors con- 
taining a component B (hereinafter, referred to as "pre- 
cursors B") is formed on a substrate. Next, a second 
MAL (A^yCy) composed of the precursors A and pre- 
cursors containing a component C (hereinafter, referred 
to as "precursors C") is formed on the first MAL ( A^Bx). 
Here, the first and second MALs may be formed accord- 
ing to the first and second embodiments. Also, the first 
MAL may be oxidized before the second MAL is formed 
so that the second MAL is chemisorbed on the first MAL. 
The first MAL is oxidized according the oxidation proc- 
ess described in the first or second embodiment. It is 
preferable that purging is performed among the steps of 
forming the second MAL. After the second MAL is 
formed, the second MAL is oxidized according to the 
process of oxidizing the first MAL. Thus, the first and 
second MALs are a unit material layer constituting the 
thin film. Next, the processes of forming the first and sec- 
ond MALs are repeated on the oxidized second MAL, to 
form the thin film to a desired thickness. 
[0071] The thin film formed by the method of forming 
a thin film according to the third embodiment of the 
present invention may correspond to all of the thin films 
described in the process of forming a thin film according 
to the first embodiment. 

[0072] As an example, if the thin film is a PZT layer, 
precursors A, B, and C represent precursors containing 
Pb, precursors containing Zr. and precursors containing 
71 respectively. The first and second MALs are a MAL 
composed of the precursors containing Pb and Zr and 
a MAL composed of the precursors containing Pb and 
Ti. respectively. Also, if the thin film is a BST layer, the 
precursors A, B, andC represent precursors containing 
Ba, precursors containing Sr. and precursors containing 
Ti. respectively, and the first and second MALs are a 
MAL composed of the precursors Ba and Sr and a MAL 
composed of the precursors containing Ba and Ti, re- 
spectively. 

<Fourth Embodiment 

[0073] A thin film is formed of unit material layers, a 
portion of which is MALs and the others are atomic lay- 
ers (ALs) on the MALs. In other words, unit material lay- 
ers constituting the thin film are formed of MALs and 
ALs. Here, the ALs are non-mosaic atomic layers. 
[0074] In detaiL if the thin film contains three or more 
components, e.g. , components A, B, and C as described 
in the third embodiment, a MAL is formed of precursors 
A and B each containing the components A and B on a 
substrate to form the thin film. Here, the MAL is formed 
by the methods described in the first, second, and third 
embodiments. Next, a reaction chamber is purged. An 
AL is formed of the precursors C containing the compo- 
nent C on the MAL. Here, it is preferable that the AL is 



formed ; preferably chemisorbed, after the MAL is oxi- 
dized as described in the second embodiment. 
[0075] Thus, the unit material layer is formed of the 
MAL composed of the precursors A and B and the AL 
5 composed of the precursors C on the substrate. The 
MAL may be formed of the precursors A and C instead 
of the precursors A and B. Thus, the AL may be formed 
of the precursors B. 

[0076] The AL is formed of the precursors C on the 
>o MAL and oxidized by the same method as when oxidiz- 
ing the MAL. The thin film is formed to a desired thick- 
ness by repeating former steps on the oxidized AL. 

<Fifth Embodiment 

15 

[0077] An oxidization gas or a deoxidization gas is 
supplied to react a MAL with chemically adsorbed pre- 
cursors in a process of forming the MAL containing at 
least two kinds of components, e.g., Sr and Ti. By-prod- 
ucts generated in this process, e.g., hydrocarbon-based 
by-products, may exist on the surface of the MAL. 
[0078] In a process of forming a thin film including 
multi components containing at least tow kinds of me- 
tallic atoms using a MAL process or an ALD process, it 
is difficult to perform a subsequent cycle of the MAL 
process or the ALD process due to theses by-products. 
Thus, it is necessary to remove the by-products, and the 
fifth embodiment of the present invention pertains to 
this. 

[0079] In detail, referring to FIG. 13, three steps are 
sequentially performed: supplying a source gas to form 
the MAL (500); firstly purging remainder that is not ad- 
sorbed after the supply of the source gas (510); and sup- 
plying a reaction gas (a oxidization or deoxidisation gas) 
to oxidize or deoxidize the MAL (520). Thereafter, a sec- 
ond purge step 530 is performed to remove by-products 
generated due to the reaction of the MAL and the reac- 
tion gas. In the second purge step 530, a purge gas as 
is an inert gas such as Ar, He, Ne, or N 2 . In the second 
purge step 530 using the purge gas, DC-bias is applied 
to the substrate to increase of an efficiency of removing 
the by-products so as to make the inert gas into plasma. 
In other words, inert gaseous plasma is generated and 
used as the purge gas in the second purge step 530. 
Positive ions of the inert gaseous plasma bombard 
against the surface of the MAL, which results in the re- 
moval of the by-products adsorbed on the surface of the 
MAL. 

[0080] As described above, a thin film which is less 
contaminated by impurities can be formed by using the 
inert gaseous plasma as the purge gas after the supply 
of the reaction gas. In particular, the bombardment of 
ions having high energy against the by-produces ad- 
sorbed on the surface of the MAL can achieve a high 
temperature deposition effect although the thin film is 
deposited at a low temperature. 
[0081 ] The fifth embodiment of the present invention . 
as described above, can be applied to the ALD process 
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containing two kinds of components as well as the MAL 
deposition process. 

[0082] X-ray diffraction analysis of a thin film formed 
by a method of forming a thin film including muiti com- 
ponents according to the present invention and of a thin 
film formed by a conventional atomic layer deposition 
method will be described. Here, the thin films including 
multi components are SrTi0 3 layers. 
[0083] In detail, FIG. 1 4 shows the results of X-ray dif- 
fraction analysis of a thin film formed according to the 
prior art, and FIG. 1 5 shows the results of X-ray diffrac- 
tion analysis of a thin film formed according to the 
present invention. 

[0084] In FIG. 14, peaks due to ruthenium (Ru) and 
silicon (Si) are shown, and in FIG. 15, peaks due to ru- 
thenium (Ru), silicon (Si), and SrTi0 3 are shown. Ref- 
erence numeral Ps is the peak due to SrTi0 3 . 
[0085] In the prior art, there are no peaks showing the 
crystallization of the thin film including multi compo- 
nents. In the present invention, there are peaks showing 
the crystallization of the thin film including multi compo- 
nents. 

[0086] Accordingly, unlike the prior art, after a thin film 
including multi components is formed according to the 
embodiments of the present invention, an additional 
thermal treatment for the crystallization of the thin film 
is unnecessary. 

[0087] FIGS. 1 6 and 1 7 are graphs showing the anal- 
ysis of titanium content after a titanium layer is formed 
on a substrate and oxidized, to observe the possibility 
of oxidization of a thin film including multi components 
according to the first through fourth embodiments of the 
present invention. FIG. 16 shows the result after a tita- 
nium atomic layer is formed on a substrate, a titanium 
layer is physisorbed on the titanium atomic layer, and a 
process of oxidizing the resultant structure is repeated. 
FiG. 1 7 shows the result after a titanium atomic layer is 
tomied on a substrate and a process of oxidizing the 
resultant structure is repeated. In FIGS. 16 and 17, ref- 
erence numerals Go, Gti. Gsi, and Gc represent chang- 
es m the contents of oxygen, titanium, silicon, and car- 
bon, respectively. Here, it is noted that the whole titani- 
um layer is oxidized on a substrate, and carton compo- 
nent is less than 0.5%. From this result, it is noted that 
tne first and second MALs may be formed and fully ox- 
idized at the same time. Also, at least two MALs may be 
formed on the substrate and oxidized at the same time, 
for a cycle by which an atomic layer is formed on the 
substrate. 

[0088] A thin film formed by a method of forming a thin 
film according to an embodiment of the present inven- 
tion will be described. 

<First Embodiment 

[0089] As shown in FIG. 18. a thin film 800 is formed 
of a plurality of unit material layers L on a substrate 206. 
The unit material layers L are composed of first compo- 



nents P1 and second components P2. Here, the thin film 
800 is an oxide layer, a nitride layer, or a boride layer. 
The thin film may be a STO layer, a PZT layer, a BST 
layer, a YBCO layer, a SBTO layer, a HfSiON layer, a 
5 ZrSiO layer, a ZrHfO layer, a LaCoO layer, or a TiSiN 
layer. 

[0090] The unit material layers L are preferably MALs 
composed of components of which the thin film is com- 
posed. Thus, if the thin film is composed of first through 
io third components, the unit material layers L are MALs 
which are composed of the first through third compo- 
nents. If the thin film is composed of first through fourth 
components, the unit material layers L are MALs which 
are composed of the first through fourth components. 

15 

<Second Embodiment 

[0091] In the second embodiment, a thin film is formed 
of three components having a predetermined composi- 
te tion. As shown in FIG. 1 9, a thin film 900 is formed of a 
plurality of unit material layers L1 , which are each dou- 
ble MALs. In other words, a unit material layer L1 is com- 
posed of a first MAL L1 a and a second MAL L1 b, which 
are sequentially formed. The first MAL L1 a is composed 
25 of first components P21 and second components P22 
of which the thin film 900 is composed. The second MAL 
Lib is composed of the first components P21 and third 
components P23, of which the thin film 900 is com- 
posed. 

30 

<Third Embodiment 

[0092] As shown in FIG. 20, a thin film 1 000 is formed 
of unit material layers L2 which are composed of MALs 

35 L2a and atomic layers L2b. The MALs L2a are com- 
posed of first and second components P31 and P32 of 
which the thin film 1 000 is formed, and the atomic layers 
L2b are composed of third components P33 of which 
the thin film 1000 is formed. 

40 [0093] In the first through third embodiments, any one 
of a single MAL L and a double MAL L1 constituting a 
unit material layer of a thin film, or the MAL L2a and an 
atomic layer L2b constituting a unit material layer of a 
thin film, is an atomic layer composed of at least two 

4* different components. Thus : though is not shown in 
FIGS. 18 through 20, MALs constituting unit material 
layers of a thin film according to each of the first through 
third embodiments may be mosaic atomic layers com- 
posed of (precursors containing) three or four different 

so components depending on the number of components 
constituting the thin film. 

[0094] As described above, in the method of forming 
a thin film including multi components according to the 
present invention, unit material layers constituting a thin 
55 film are formed of single MALs or double MALs contain- 
ing components of which at least one is different from 
the others. The unit material layers may be composed 
of MALs and ALs containing only one of the components 
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constituting the thin film Thus, the advantages of a con- 
ventional method of forming ALs can be secured, and 
fewer steps are required in the process of forming ALs 
according to the present invention compared to the con- 
ventional process of forming ALs. As a result, the time 
required for forming a thin film can be reduced. Also, 
since the thin film is formed and crystallized at a low 
temperature, an additional thermal process for the crys- 
tallization of the thin film is unnecessary after the thin 
film is formed. As a result, the yield of the thin film is 
remarkably higher than in the prior art. 
[0095] Although many contents have been described 
above, they must be construed as examples of preferred 
embodiments of the present invention rather than re- 
stricting the scope of the present invention. For exam- 
ple, if the number of components constituting a thin film 
is large, the thin film may be formed by a dual method 
by one of ordinary skill in the art. In other words, instead 
of forming and oxidizing MALs containing components 
constituting thin film, MALs containing a portion of the 
components are formed, i.e., at least two MALs are 
formed and oxidized. Next, MALs containing the other 
components are formed and oxidized. Also, another em- 
bodiment, which is not described in the detailed descrip- 
tion, may be realized by a combination of the methods 
according to the embodiments of the present invention. 
For example, a first MAL may be formed on a substrate 
by a method of forming a thin film according to a first 
embodiment of the present invention. Any one of sub- 
sequent MALs may be formed by a method of forming 
a thin film according to a second embodiment of the 
present invention. 



Claims 

1 . A method of forming a thin film including multi com- 
ponents, the method comprising: 

loading a substrate into a reaction chamber, 
forming a unit material layer, which is a mosaic 
atomic layer (MAL) composed of two kinds of 
precursors containing components constituting 
a thin film, on the substrate; 
purging the inside of the reaction chamber; and 
chemically changing the MAL. 

2. The method according to claim 1 , wherein the MAL 
is formed by simultaneously supplying the two kinds 
of precursors. 

3. The method according to claim 1 , wherein the MAL 
is formed by sequentially supplying the two kinds of 
precursors by a time-sharing method. 

4. The method according to claim 3, further compris- 
ing: 



supplying first precursors selected from the two 
kinds of precursors into the reaction chamber; 
firstly purging the reaction chamber: and 
supplying second precursors selected from the 
5 two kinds of precursors into the reaction cham- 

ber. 

5. The method according to claim 3, wherein each of 
the first and second precursors is supplied in an 

10 amount less than that sufficient forforming an atom- 
ic layer on the entire surface of the substrate. 

6. The method according to claim 4, further compris- 
ing: 

15 

secondly purging the reaction chamber; and 
supplying third precursors selected from the 
two kinds of precursors into the reaction cham- 
ber. 

20 

7. The method according to any of claims 1 to 6, 
wherein the MAL is a double MAL composed of first 
and second MALs. 

25 8. The method according to claim 7, wherein the first 
MAL is chemically changed before the second MAL 
is formed on the first MAL. 

9. The method of according to claim 7 or 8, wherein 
30 the first MAL is formed of first and second precur- 
sors selected from the two kinds of precursors. 

10. The method according to any of claims 7 to 9, 
wherein the second MAL is formed of first and third 

35 precursors selected from the two kinds of precur- 
sors. 

11. The method according to any of claims 7 to 9, 
wherein the second MAL is formed of first and sec- 

40 ond precursors, of different compositions. 

12. The method according to any of claims 1 to 11, 
wherein in chemically changing the MAL, the MAL 
is oxidized, nitrified, or boronized. 

45 

1 3. The method according to claim 1 2, wherein the MAL 
is oxidized using plasma or ultraviolet-ozone using 
either H 2 0, 0 2 , 0 3 , or H 2 0 2 as a source of oxygen. 

so 14. The method according to claim 17, wherein the 
source of oxygen is purged using an inert gas, 
wherein DC-bias is applied to the substrate to make 
the inert gas into plasma so as to form inert gaseous 
plasma which is used to remove by-products ad- 

55 sorbed on the surface of the MAL 

15. The method according to claim 13, wherein the 
plasma is formed using radio frequency (RF) or mi- 
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crowave energy 

16. The method according to any of claims 7 to 15, 
wherein the first MAL is chemically changed by ei- 
ther an oxidation method, a nitrification method, or 
a boronization method. 

17. The method according to any of claims 4 to 16, 
wherein additional second precursors are supplied 
after the second precursors are supplied. 

18. The method according to any of claims 6 to 17, 
wherein additional third precursors are supplied af- 
ter the third precursors are supplied. 

19. The method according to any of claims 1 to 18, 
wherein the thin film is either an oxide layer, a nitride 
layer or a boride layer. 

20. The method according to any of claims 1 to 18, 
wherein the thin film is an STO layer, a PZT layer, 
a BST layer a YBCO layer an SBTO layer, a Hf- 
SiON layer a ZrSiO layer, a ZrHfO layer, a LaCoO 
layer, or a TiSiN layer 

21. A method according to any of claims 1 to 20, where- 
in the substrate is loaded into the reaction chamber 
and a mosaic atomic layer (MAL) subsequently 
formed composed of two kinds of precursors con- 
taining components constituting the thin film and a 
non-mosaic atomic layer on the MAL to form a unit 
material layer constituting the thin film on the sub- 
strate. 

22. The method according to any of claims 13 to 21, 
wherein the source of oxygen is purged using an 
inert gas. wherein the inert gas is made into plasma 
to form inter gaseous plasma which is used to re- 
move by-products adsorbed on the surface of the 
MAL. 

23. The method according to claim 21 or 22, wherein 
when the MAL is formed by supplying the two kinds 
of precursors by a time-sharing method, each of the 
two kinds of precursors is supplied in an amount 
less than that sufficient for covering the entire sur- 
face of the substrate. 

24. A thin film including multi components, containing 
at least two components, wherein the thin film is 
composed of a plurality of unit material layers and 
each of the unit material layers is a mosaic atomic 
layer (MAL) composed of different precursors relat- 
ed to the components. 

25. The thin film including multi components according 
to claim 24. wherein the MALs are double MALs 
which are composed of first and second MALs. 



26. The thin film including multi components according 
to claim 25, wherein the first and second MALs are 
formed of the same precursors, which have a differ- 
ent composition ratio for each of the first and second 

5 MALs. 

27. The thin film including multi components according 
to claim 25 or 26, wherein the first MAL is composed 
of first and second precursors selected from the dif- 

>0 ferent precursors. 

28. The thin film including multi components according 
to any of claims 25 to 27, wherein the second MAL 
is composed of the first precursors and third precur- 

15 sors selected from the different precursors. 

29. The thin film including multi components according 
to any of claims 24 to 28, wherein the thin film is 
either an oxide layer, a nitride layer, or a boride lay- 

20 er. 

30. The thin film including multi components according 
to any of claims 24 to 28, wherein the thin film is 
selected from an STO layer, a PZT layer, a BST lay- 

25 er, a YBCO layer, an SBTO layer a HfSiON layer, 
a ZrSiO layer, a ZrHfO layer, a LaCoO layer, and a 
TiSiN layer. 

31 . A thin film including multi components according to 
30 any of claims 24 to 30, wherein the thin film is com- 
posed of a plurality of unit material layers and each 
of the unit material layers is composed of an MAL, 
composed of two precursors selected from different 
precursors related to the components, and a non- 

35 mosaic atomic layer composed of any ones select- 
ed from the different precursors. 

32. The thin film including multi components according 
to claim 31 , wherein the non-mosaic atomic layer is 

40 formed on the MAL. 

33. The thin film including multi components according 
to claim 31 , wherein the MAL is formed on the non- 
mosaic atomic layer 

45 

34. The thin film including multi components according 
to any one of claims 31 to 33, wherein the MAL is a 
double layer 

50 35. The thin film including multi components according 
to claim 34, wherein the MAL is composed of a first 
MAL composed of all of the different precursors and 
a second MAL composed of two precursors select- 
ed from the different precursors. 

55 

36. The thin film including multi components according 
to claim 34, wherein the MAL is composed of a first 
MAL composed of all of the different precursors. 



21 EP 1 256 638 A2 

37. The thin film including multi components according 
to claim 34, wherein the double layer is composed 
of the same precursors, which have a different com- 
position ratio for each of layers in the double layer. 

5 

38. The thin film including multi components according 
to any of claims 34 to 37, wherein the double layer 
is composed of a first MAL, composed of first and 
second precursors selected from the different pre- 
cursors, and a second MAL formed on the first MAL, '0 
composed of first and third precursors selected 
from the different precursors. 

39. The thin film including multi components according 

to any of claims 31 to 38 wherein the thin film is an *5 
oxide layer, a nitride, layer, or a boride layer. 

40. The thin film including multi components according 
to any of claims 31 to 38, wherein the thin film is 
selected from an STO layer, a PZT layer, a BST lay- 20 
er. a YBCO layer, an SBTO layer, a HfSiON layer, 

a ZrSiO layer, a ZrHfO layer, a LaCoO layer, and a 
TiSiN layer. 

25 
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